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https://doi.org/10.17221/67/2019-VETMED The economic value of dairy cows is mainly determined by the milk yield and longevity. The most important factor affecting the quantity and quality of the produced milk is the occurrence of production diseases, especially mastitis (Zajac et al. 2012) .
Mastitis or an intramammary infection (IMI) is characterised by the physicochemical changes of the milk, accompanied by an increase in the somatic cell count (SCC) and bacterial pathogens, in addition to changes in the mammary tissue depending on the type of the disease (Malinowski et al. 2006; Zigo et al. 2019) .
All around the world, mastitis is known as a multifactorial disease, closely related to the production system and the environment. The incidence of mastitis increases when the immunological and antioxidant defence mechanisms of the mammary gland are impaired. Dairy cows are exposed to numerous genetic, physiological, and environmental factors associated with both the host and pathogens, which can compromise the host's immunity, hence, increase the incidence of mastitis (Turk et al. 2012; Andrei et al. 2016) .
According to Vasil et al. (2009) , more than 140 different microorganism species are considered to cause mastitis. Bacteria are the most common causative factor, recognised in more than 95% of mastitis cases. Globally, the most common mastitis-causing bacteria in dairy ruminants are S. aureus and coagulase-negative staphylococci (CNS), as well as streptococci and E. coli, which may have a similar or higher prevalence than that of staphylococci (Taponen et al. 2007 ).
Based on the intensity and severity of the clinical signs, mastitis is usually divided into a subclinical and a clinical disease. In clinical mastitis (CM), the signs range from mild to severe and can be systemic, local, or milk related, while in subclinical mastitis (SM) no signs are observed. The most prominent signs of CM are swelling, heat, hardness, redness or pain of the udder. The milk of a cow with CM has a watery appearance with flakes, clots or pus often present. During SM, the udder and milk may appear normal with the infection still present. The increase in the SCC is associated with the reduced milk production in the range of 60-140 litres per cow annually in the animals with SM (Sztachanska et al. 2016) . Ashfaq and Muhammad (2008) , reported that the subclinical cases of mastitis are more common than the CM ones. It is estimated that in a herd of dairy cows that there are approximately 15-40 undetected cases of SM for each case of CM.
The lack of symptoms has proved to be the bane of the early detection of mastitis, constituting an important factor for dairy farmers and veterinarians in determining the health of an animal and the hygienic quality of the milk produced. Economic aspects interfere with the routine assessment of the California mastitis test (CMT) because the score evaluation according to the colour reaction is often insufficient. In addition to the assessment of the CMT, a bacteriological examination of the raw milk samples complemented by alternative parameters may aid the better screening of the udder health. Oxidative stress indicators such as the malondialdehyde (MDA) concentration and the activity of antioxidant enzymes may belong to these complementary indicators (Suriyasathaporn et al. 2006; Suriyasathaporn et al. 2010; Turk et al. 2017) .
MDA is one of the relatively stable peroxidation products and the most widely used indicator for the assessment of the oxidative stress (Castillo et al. 2006) . The oxidative stress is related to some disorders in cattle, for example, mastitis, a retained placenta, an udder oedema or muscle and metabolic diseases (Sharma et al. 2011) . It was proven that bacterial infections and other inflammation processes affecting the mammary tissue causing an increased SCC in the milk, especially in the polymorphonuclear leukocytes (PMN) and macrophage numbers, are associated with the generation of the reactive oxygen species (ROS) (Castillo et al. 2006 ). The accumulation of ROS correlated with a reduction of the antioxidative activity due to the catalysis of various hydrogen and lipid peroxides can lead to the oxidative stress (Suriyasathaporn et al. 2009 ).
Oxidative stress detection using biomarkers is a relatively new field of research in ruminant health. Therefore, the aim of this study was to determine the incidence and aetiology of the mastitis using the standard methods enhanced by the detection of the milk MDA and the blood activities of glutathione peroxidase (GPx) and superoxide dismutase (SOD) as potential biomarkers for the udder health screening.
MATERIAL AND METHODS
Animals and milking. This study was conducted on 180 spotted Slovak dairy cows with an aver-https://doi.org/10.17221/67/2019-VETMED health in the remaining 153 lactating cows included a veterinary history, a clinical examination, and a sensory analysis of the milk from the forestripping of each udder quarter followed by an assessment of the CMT with the subsequent collection of the milk samples. The veterinary history included important information such as changes in the behaviour or the physical state, the date of the last calving, the date of insemination, the hygiene of the holdings, the milking performance, the feed, the milking procedure and recent changes in the daily procedures. After considering the history, the udder from each milked cow was examined by visual inspection and palpation for any clinical signs of oedema, spontaneous triggering of milk, and signs of inflammation or atrophy.
The CMT (Indirect Diagnostic Test, Krause, Denmark) from 606 quarters (6 quarters were atrophied without milk secretion) from the 153 milked cows was performed (Table 1 ). According to the procedure by Jackson and Cockcroft (2002) , the milk from every quarter was mixed with the reagent and the result was read as the trace, a score of 1, 2, 3, 4 or negative depending on the gel formation in the milk sample. A negative score is typical with a normal consistency after stirring. A trace score is seen as slightly thickening, but disappears after prolonged mixing. A score of 1 is seen as the easy thickening of the liquid, which appears after 20 s of mixing, but no tendency toward gelling. A score of 2 is seen as the mixture thickens after 20 s of mixing and a gel formation is suggested. age annual milk production of 6971 kg in a farm in west Slovakia. The cows were kept in a free housing system with deep litter based on the repeated spreading of straw every two days. The basis of the cows feeding was a total mixed ration (TMR), which consists of grass silage, maize silage, hay, and concentrate according to international standards (NRC 2001) to meet the nutritional requirements of a 600 kg cow yielding 15-25 kg of milk/day. The cows were milked twice a day in a fishbone milking parlour (DeLaval, UK) 2 × 10 stalls with a standard exit and a single return lane. The first milking started at 4.30 a.m. and the second at 4:30 p.m. The milking routine began with the udder washing with water from a hose to remove any impurities. Subsequently, the udder was thoroughly wiped with disposable paper wipes. The forestripping from each quarter was hand-drawn into a dark-bottomed cup for the visual assessment of the milk's consistency. The milking and pulsation vacuum was set at 42 kPa. The pulsation ratio was 60 : 40 at a rate of 52 c/min and termination was automatically signalled when the milk flow dropped to 0.2 l/min. After the milking process, the teats were disinfected by a teat dipping. The milk was stored in refrigerated milk tanks at +5 °C and removed daily around 11.30 a.m.
Herd examination and milk sample collection. During the practical part of the study, 27 cows from the herd were separated in calving boxes or were milked into separate vessels for the first 12 days after calving. A thorough examination of the udder n = the number of quarters All the examined quarters 1 = the quarters with milk secretion (6 quarters were atrophied); Quarters with a positive CMT score 2 = the quarters with a positive evaluation of California Mastitis Test with the score: trace, 1, 2, 3 and 4; Infected quarters 3 = positive quarters after the bacteriological investigation (see Table 2) https://doi.org/10.17221/67/2019-VETMED A score of 3 is seen as an immediate concentration with a gel formation. A score of 4 is characteristic with a strong gel formation and the surface of the mixture becomes convex. Thereafter, two samples (10 ml) of the quarter milk were collected aseptically from all of the 153 milked cows for bacteriological cultivation and SCC measurement in accordance with the guidelines of the National Mastitis . The cooled samples were immediately transported to the laboratory of the University of Veterinary Medicine and Pharmacy in Kosice.
Experimental group selection for the oxidative stress determination. Based on the veterinary history, the CMT assessment and the clinical examination for the measurement of the milk MDA concentration and the blood enzymatic activities of GPx and SOD, the cows were assigned into one of three groups: control (healthy cows), cows with subclinical mastitis (SM) and clinical mastitis (CM). For the SM group, 43 cows without any clinical signs of mastitis or other illnesses, but with a positive CMT of at least one quarter were included. Of which 77 quarters were selected for MDA detection that showed a positive CMT (a score of 1-4). Seven cows with clinical signs were included to the CM group (Figure 1 ), from which 15 quarters for MDA detection with a high score of CMT ≥ 3 were selected. Seven (28 quarters) of the perfectly healthy cows with a negative CMT score and without any clinical signs were randomly selected to the control group.
The selected quarter milk samples from each group were then collected into 12 ml plastic tubes for the MDA detection. The blood for the SOD and GPx measurement from the selected cows were withdrawn by puncture of the vena jugularis and collected into heparinised tubes. The samples were placed on ice, and immediately transported to the laboratory where they were processed according to the instructions of the enzyme assay kits of the manufacturer and stored at −56 °C until the analysis was performed. The MDA was measured in the milk samples on the day of the collection.
SCC and MDA detection in the milk samples and the blood antioxidant enzymes. The SCC 
https://doi.org/10.17221/67/2019-VETMED Statistical analysis. All the data were analysed statistically using the GraphPad Prism Software, Version 4.00 (GraphPad Software Inc., CA, USA). The data were presented as the mean (M) ± standard error of the mean (SEM). The differences in the selected groups of the control, SM and CM cows were determined by an analysis of variance (ANOVA) followed by the Tukey-Kramer multiple comparison test. A statistical analysis by variable probabilities for the Post Hoc Test was used to compare the milk MDA concentrations from the negative and positive milk samples with a CMT score of 1-4. The criteria for the statistical significance was set at P < 0.05.
RESULTS
The udder health status assessed by CMT and SCC is shown in Table 1 . The CMT was negative in 488 of the 606 quarter milk samples (80.5%) with a mean SCC of 94.5 × 10 3 cells/ml in the healthy lactating cows. The positive CMTs with a score from the trace to 4 were noted in 118 of the quarter milk samples (19.5%). In 92 of the quarter milk samples with a CMT score of 1-4, there was an observed increase in the SCC over the regular limit (400 × 10 3 cells/ml) at a mean 505.1, 861.6, 1695.5 and 5724 × 10 3 cells/ml, respectively.
The numbers and percentages of the isolates grouped according to the severity of the mastitis are shown in Table 2 . Of the 76 infected quarter milk samples, 36 samples were found positive for CNS, 15 for coagulase-positive staphylococci (CPS; S. aureus and S. intermedius), 8 for Streptococcus spp., and 9 for other bacteria. CNS (S. chromogenes, S. haemolyticus, S. warneri, and S. xylosus) were the most abundant etiologic factors that represented 47.4% of the infected quarter milk samples and 5.9% from all the examined quarters. SM was noted in 50 milk samples (8.3%). Subclinical mastitis caused by staphylococci was represented by 43.4% of all the mastitis samples. At the quarter levels, 8 (1.3%) and 18 (2.9%) quarters were classified as having latent and clinical mastitis, respectively. The most common pathogens in the CM were S. aureus, Str. uberis and S. chromogenes.
The differences in the lipid peroxidation products (MDA) concentration in the milk of dairy cows with SM and CM are indicated in Graph 1. The increased (P < 0.01) milk MDA concentrations in the quarter milk samples was measured using a Somacount 150 apparatus (Bentley Instruments Inc., Minnesota, USA). The lipid peroxidation products in the selected milk samples were determined by the spectrophotometric measurement (Shimadzu, UV 160) of thiobarbituric reactive substances at 532 nm, according to the method described by Andrei et al. (2016) . The results were expressed in nmol of MDA per ml of milk (nmol/ml).
After the thawing and warming of the blood samples with erythrocyte lysate, the detection of the SOD activity was performed using a Ransod kit (Randox Laboratories, Crumlin, UK) according to the method of Woolliams et al. (1983) . The erythrocyte glutathione peroxidase activity was assessed using a Ransel kit (Randox Laboratories, Crumlin, UK) by the kinetic method (Paglia and Valentine 1967) . A Chemistry Analyser Olympus AU 400 (Olympus, Mishima, Japan) was used as the spectrophotometer in this study. The activity of the SOD and GPx enzymes was normalised to the haemoglobin concentration measured by Drabkin's method according to the previous study of Balasubramaniam and Malathi (1992) , expressed as units per g of haemoglobin (IU/g Hb).
Microbiological examinations. The bacteriological examinations and identification were performed according to the generally accepted principles (Malinowski et al. 2006 ). The quarter milk samples (10 µl) were inoculated on a Petri dish with a Columbia blood agar base (Oxoid, UK) with 5% of defibrinated ram blood and incubated for 48 h at 37 °C, the dish was examined after 24 and 48 h of incubation. The suspected colonies were inoculated and cultured on selective media such as Staphylococcus medium N°110, Baird-Parker agar, Brilliance TM UTI Clarity Agar, Edwards Medium, MacConkey Agar (Oxoid, OXOID Ltd., Basingstoke, Hants, UK). The parameters, such as the colony size and appearance, pigment production and coagulase, catalase activity, haemolysis, and Gram staining were considered in the determination of the bacterial species. The colonies of Staphylococcus spp. were tested for the coagulase activity (Staphylo PK, Imuna Pharm, SR). The growth-confirmed colonies of Staphylococcus spp., Streptococcus spp. (Figure 1) and Enterobacteriacae spp. were further identified biochemically using the STAPHYtest 24, STREPTOtest 24, resp. ENTEROtest 24 (Erba-Lachema, Brno, CZ) and the software TNW Pro 7.0 (Erba-Lachema, Brno, CZ). https://doi.org/10.17221/67/2019-VETMED 
Total 76 12.5 8 1.3 50 8.3 18 2.9 n = the number of isolated bacteria from the 606 examined quarters Mixed infection* = a mixed infection caused by two or more bacteria; Latent mastitis 1 = are characteristic with normal milk consistency, but an infection is present in the samples of the raw milk without changing the SCC and a negative CMT score; Subclinical mastitis 2 = no signs are observed, the udder and milk appears normal, but an infection is still present with a positive CMT score and an increased SCC; Clinical mastitis 3 = the signs range from mild to severe with a positive CMT score, a high level of SCC, positive bacteriological cultivation, changing the consistency of the milk with the presence of flakes, clots or pus and the reduction or the loss of milk production with clinical signs were found in both the CM and SM milk samples. Graph 2 shows the milk MDA concentrations from the CMT-positive quarters with scores of 1-4. The highest MDA concentrations were observed in the milk from the positive quarters with a CMT score of 4. Samples with CMT scores from 2 to 4 had significantly higher (P < 0.05) concentrations of MDA when compared to the samples negative for CMT (Graph 2). The differences in the erythrocyte antioxidant enzymes activity among the selected groups of the dairy cows are depicted in Graph 3 and 4, respectively. There was a significant decrease (P < 0.05) in the erythrocyte GPx and SOD activities as well as a significant increase (P < 0.05) in the MDA concentration in the CM cows. The SOD and GPx activities in the blood of the SM cows did not differ from those of the control animals. An increased SCC may be associated with the generation of larger amounts of ROS which are considered as the main factors responsible for lipid peroxidation. The products of lipid peroxidation, thus, may be utilised as indicators of the oxidative stress in the tissues and secretions. In our experiment, the increased SCC in the milk was positively associated with the milk MDA concentration. Milk with a higher SCC was shown to have more infiltrated PMNs causing an increase in the rate of the oxidative reactions and apoptosis. Previous studies have shown the relationship between the SCC and MDA concentration in both the quarter milk and the bulk tank milk samples (Suriyasathaporn et al. 2006; Suriyasathaporn et al. 2010) .
Moreover, recent research showed that the milk MDA concentration was a marker of a decreased milk yield in cows with CM and high SCC (Sharma Graph 2. The comparison of the malondialdehyde concentrations (nmol/ml) from the healthy quarters and the quarters with a positive CMT score CMT = California mastitis test; MDA = malondialdehyde; SCC = somatic cell count The statistical analysis by the Post Hoc Test were used to compare the milk MDA concentrations from the negative (healthy) quarter milk samples with an SCC of 94.5 × 10 3 per ml and a positive quarter milk samples with a CMT score of 1-4 in the SCC of 505.1, 861.6, 1695.5 and 5724 × 10 3 per ml, respectively. The variable MDA probabilities for the Post Hoc Tests -the error: between MS = 5.97, df = 45.000 were used. 
DISCUSSION
The occurrence or the number of infected cows (quarters) is often unknown in most farms. As opposed to clinical mastitis, SM is characterised by no obvious signs and can only be detected by the microbiological examination of the milk or by the determination of other milk abnormalities. The most common methods are the evaluation of the CMT with the SCC in the milk (Turk et al. 2017) .
In Europe, the ECC directive 92/46 from 1992 states that milk with an SCC over 4 × 10 5 cells/ml cannot be used for human consumption. Generally, an SCC greater than 2 × 10 5 cells/ml has been used as indicator for udder inflammation and oxidative damage. In this study, we noted a negative CMT score in 488 of the 606 investigated quarter milk samples (80.5%) with an SCC under 100 × 10 3 cells/ml in the healthy lactating cows. Also, an SCC over the regular limit with a positive CMT scores of 1-4 was present in 92 quarter milk samples (15.2%) ranging from 505.1 to 5724 × 10 3 per ml. et al. 2011) . In our study, the milk from the cows with CM and SM, respectively, had higher MDA concentrations as compared to milk from the healthy udders. Therefore, it could be considered a potential indicator of subclinical mastitis. The mean concentrations of the MDA were higher in the SM milk when compared with the normal milk, and the MDA could be considered as an indicator of the SM udders. Similar results were reported by Suriyasathaporn et al. (2012) who discovered increased milk MDA levels in cows with SM and CM infected with staphylococci or streptococci. High-producing dairy cows are highly susceptible to IMI caused by Staphylococcus aureus, CNS or Streptococcus spp., and losses in the milk yield are related to the increase in the composite milk SCC. The most frequent pathogens isolated from the mastitis milk samples included staphylococci followed by streptococci, E. coli, Pseudomonas spp. and Klebsiella spp. were reported by Shaheen et al. (2016) in dairy cows. The isolated pathogens from the milk samples in our study comply with the previous findings. The infected quarter milk samples were the most frequently found positive for CNS (47.4%), S. aureus (11.8%), streptococci (11.0%) and for other bacteria (11.8%). In many countries, the problem of environmental mastitis caused by CNS has gradually increased since 2005. In recent times, CNS has been frequently acknowledged as a cause of SM and CM in dairy cattle (Contreras et al. 2007; Pyorala and Taponen 2009; Lange et al. 2015) . The results of the bacteriological evaluation of the milk in our experiment revealed the predominance of CNS such as S. chromogenes, S. haemolyticus, S. warneri, and S. xylosus, and are in accordance with the previous reports. The pathogenicity of the different CNS species varies widely. Generally, these bacteria, as the most common mastitis-causing pathogens in cows, are associated with a low-grade infection in the subclinical state, which affects 10-15% of the lactating animals and is characterised by an increase in the SCC, a reduction in the milk production and a high bacterial content in the milk (Monday and Bohach 1999) .
Although CNS usually cause relatively mild clinical signs and their pathogenicity is lower than that of S. aureus. However, in many cases, persistent SM or chronic mastitis caused by S. chromogenes and S. warneri lead to a decrease in the antioxidant potential and is associated with the accumulation of ROS and the oxidation products (Castillo et al. 2006; Sharma et al. 2011; Zigo et al. 2019) .
Synthesis of ROS and their accumulation are controlled by antioxidant defence systems. Several mechanisms are available to prevent oxidative damage including enzymatic scavengers such as GPx and SOD (Andrei et al. 2011; Celi 2011) .
According to Bernabucci et al. (2005) , the decreased erythrocyte SOD and GPx activities after calving and during lactation in dairy cows indicate a higher oxidative stress and lower antioxidant status. In our study, the SOD and GPx activities were decreased in the cows with CM, which was probably caused by the depletion of the antioxidant enzymes resulting from the increased ROS generation rate by the inflamed gland. Sharma et al. (2010) also observed a significant decrease in the SOD and GPx activities in the infected milk in their study on bovine staphylococcal mastitis. In our study, the SOD and GPx activities in the blood from the cows with SM were similar to those in the healthy controls probably due to the low severity of the inflammation in the affected mammary glands with SM. However, the induction of the oxidative stress was detected in the cows with SM (Turk et al. 2012) .
In the study of Sharma et al. (2011) , conducted on 20 Holstein × Sahiwal cross bred dairy cows, the activity of SOD, GPx and catalase (CAT) was confirmed to associate closely with the antioxidant capability of the body. Furthermore, the enhanced enzymatic activity of CAT, which was accompanied by the increase of the plasma MDA level, was observed in the cows 30 days after calving as compared to cows 30 days before calving. On the other hand, the decreased GPx and SOD activities were observed in early lactating cows and this appears to be the reason for their increased susceptibility to mastitis and other health problems.
In conclusion, the results obtained in this work showed that bacteria such as CNS, S. aureus, Str. uberis, and E. coli were the principal causative factors of IMI, leading to increased SCC and lipid peroxides in the milk of the affected cows. In contrast, the antioxidant enzyme activities were only lower in the cows with CM compared to the healthy cows. Conclusively, CM leads to systemic oxidative stress with the depletion of the enzymatic antioxidant mechanisms and the lipid peroxidation products accumulation, while the oxidative stress seems to be more restricted to the mammary gland in SM. In both forms of mastitis, the milk quality is affected by https://doi.org/10.17221/67/2019-VETMED the accumulation of the oxidation products, which positively correlates with the SCC. Therefore, the measurement of the milk MDA concentration could be a potential biomarker for the better screening of the udder health in the early diagnosis of mastitis.
